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1
METHOD AND DEVICE FOR TESTING A
THIN FILM TRANSISTOR

BACKGROUND

Embodiments of the disclosed technology relate to a
method and device for testing a thin film transistor (TFT) on
an array substrate.

Thin film transistor liquid crystal displays (TFT-LCDs)
have become the main kind of flat panel displays in market
due to small volume, low power consumption, no radiation,
and the like.

A liquid crystal panel of a LCD is generally formed by
assembling together an array substrate and a color filter
substrate with a liquid crystal layer interposed therebetween.
The array substrate typically comprises a base substrate, on
which gate lines and data lines intersecting with each other
are provided to define a plurality of pixel units arranged in
a matrix form. A thin film transistor (TFT) switching ele-
ment and a pixel electrode are provided in each of the
plurality of pixel units. The color filter substrate may com-
prise a common electrode formed thereon. The application
of'a voltage to the pixel electrode of a pixel unit is controlled
by a gate signal, and the value of the voltage is determined
by a source signal. Thus, the characteristics such as output
and transfer characteristics of TFTs are very important for a
TFT-LCD to work normally.

In design and manufacturing a TFT-LCD, after an array
substrate is formed, the TFTs on the array substrate should
be tested on the characteristics to obtain the relevant char-
acteristic parameters and data. In this way, the design and the
quality for the TFT-L.CD can be examined and checked, and
as well these characteristic parameters and data can provide
supports for determining sources of failures and optimizing
array substrate design and printed circuit board (PCB) signal
design.

FIG. 1 is a schematic illustration of a TFT device. As
shown in FIG. 1, a TFT comprises a gate electrode G, a
source electrode S, and a drain electrode D, and on an array
substrate, the gate electrode G is connected with a gate line,
the source electrode S is connected with a data line, and the
drain electrode is connected with a pixel electrode of a pixel
unit. When the TFTs on the array substrate are tested on their
characteristics, generally a voltage difference is maintained
between the source electrode S (data line) and the drain
electrode D (pixel electrode) of each TFT, each gate line
(gate electrode) on the array substrate is scanned with a
multilevel voltage, and the current (I,) between a test signal
line and a corresponding pixel electrode and its change are
examined. In this method, the voltages applied to the elec-
trodes (terminals) of each TFT are direct current voltages,
and the multilevel voltage applied to a gate line is shown in
FIG. 2.

When a same signal is applied to one TFT for a long time
period, a time stress effect occurs and disadvantageously
affects the characteristics of this TFT. In the above conven-
tional method, because direct current signals are applied to
the electrodes of a TFT, in which the gate electrode G is
scanned with the multilevel voltage as shown in FIG. 2, a
time stress effect tends to occur and make the test results
inaccurate and deviate from the real situation, and the real
status of the TFT cannot be obtained.

SUMMARY

An embodiment of the disclosed technology provides a
method for testing a thin film transistor (TFT) provided on
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an array substrate comprising: determining periods and
signal amplitudes in each period of a gate electrode test
voltage signal and a source-drain-electrode test voltage
signal corresponding to TFT characteristics to be tested,
wherein both the gate electrode test voltage signal and the
source-drain-electrode test voltage signal are alternative
current signals; according to the period and the signal
amplitude in each period of the gate electrode test voltage
signal and those of the source-drain-electrode test voltage
signal, applying the gate electrode test voltage signal to a
gate electrode of the TFT, and applying the source-drain-
electrode test voltage signal across the source and drain
electrodes of the TFT; and obtaining TFT output signals
related to the TFT characteristics to be tested.

Another embodiment of the disclosed technology pro-
vides a device for testing a thin film transistor (TFT)
provided on an array substrate comprising: a control unit
adapted to determine periods and signal amplitudes in each
period of a gate electrode test voltage signal and a source-
drain-electrode test voltage signal corresponding to TFT
characteristics to be tested, wherein both the gate electrode
test voltage signal and the source-drain-electrode test volt-
age signal are alternative current signals; a signal generating
unit adapted to apply the gate electrode test voltage signal to
a gate electrode of the TFT, and applying the source-drain-
electrode test voltage signal across the source and drain
electrodes of the TFT according to the period and the signal
amplitude in each period of the gate electrode test voltage
signal and those of the source-drain-electrode test voltage
signal; and a measure unit adapted to obtain TFT output
signals related to the TFT characteristics to be tested.

Further scope of applicability of the disclosed technology
will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed technology will become more fully under-
stood from the detailed description given hereinafter and the
accompanying drawings which are given by way of illus-
tration only, and thus are not limitative of the disclosed
technology and wherein:

FIG. 1 is a schematic illustration of a TFT device;

FIG. 2 is a voltage wave applied to a gate line in testing
TFT characteristics;

FIG. 3 shows a time sequence relationship between the
gate electrode test voltage signal and the source-drain-
electrode test voltage signal in an embodiment of the dis-
closed technology;

FIG. 4 shows the wave of a gate electrode test voltage
signal;

FIG. 5 shows the wave of a source-drain-electrode test
voltage signal

FIG. 6 is a block diagram of a device for testing a TFT on
an array substrate according to an embodiment of the
disclosed technology;

FIG. 7 is another block diagram of a device for testing a
TFT on an array substrate according to an embodiment of
the disclosed technology; and
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FIG. 8 is further another block diagram of a device for
testing a TFT on an array substrate according to an embodi-
ment of the disclosed technology.

DETAILED DESCRIPTION

Embodiments of the disclosed technology being thus
described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the disclosed tech-
nology, and all such modifications as would be obvious to
those skilled in the art are intended to be included within the
scope of the following claims.

An embodiment of the disclosed technology provides a
method to test a TFT on an array substrate, and this method
comprises the following steps.

Step 101, determining periods and signal amplitudes in
each period of the gate electrode test voltage signal and the
source-drain-electrode test voltage signal corresponding to
the TFT characteristics to be tested.

In this embodiment, both the gate electrode test voltage
signal and the source-drain-electrode test voltage signal are
alternative current signals. Alternative current signals can be
used to avoid the time stress effect that occurs to a TFT in
the application of direct current signals for test, and further-
more alternative current signals are more approximate to the
real driving voltage signals in operation. Thus, the test
results can become more accurate, more precise character-
istics of the TFT in operation can be obtained, and it is
helpful to reduce the time for examining the TFT-LCD
design and quality.

It should be noted that, in the embodiment of the disclosed
technology, the TFT characteristics to be tested include, but
not limited to, transfer characteristic, output characteristic,
and the like.

In this step, there may be the following ways to determine
periods of the gate electrode test voltage signal and the
source-drain-electrode test voltage signal corresponding to
the TFT characteristics to be tested and the signal amplitudes
in each period.

The first exemplary way is to determine the periods and
the signal amplitudes in each period of the gate electrode test
voltage signal and the source-drain-electrode test voltage
signal corresponding to the TFT characteristics to be tested
according to an instruction of a user, that is, the periods and
the signal amplitudes in each period of the gate electrode test
voltage signal and the source-drain-electrode test voltage
signal corresponding to the TFT characteristics to be tested
are determined by a user.

The second exemplary way is to determine the periods
and the signal amplitudes in each period of the gate electrode
test voltage signal and the source-drain-electrode test volt-
age signal corresponding to the TFT characteristics to be
tested according to the resolution of the array substrate
where the TFT to be tested is provided; for example, if the
array substrate has the resolution of 1024*768, one period of
the gate voltage signal on array substrate is Y60 second (s) in
a normal operation condition, and the period of the source-
drain voltage signal (date signal) is comparable with that of
the gate electrode voltage signals, thus when the TFT on the
array substrate is tested for its characteristics, the periods of
the gate voltage signal and the source-drain-electrode test
voltage signal can be determined to be Ycos according to the
resolution of the array substrate.

Further, it is appropriate to determine the signal ampli-
tudes in each period of the gate electrode test voltage signal
and the source-drain-electrode test voltage signal corre-
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sponding to the TFT characteristics to be tested according to
the design parameters in TFT design, including the values of
the gate electrode voltage and the source-drain-electrode
voltage. For example, in design of an array substrate, the
signal amplitudes in each period of the gate electrode test
voltage signal can be determined based on the highest gate
voltage (VgH) and the lowest gate voltage (VgL ) of the TFT,
and the signal amplitude in each period of the source-drain-
electrode test voltage signal can be determined based on the
source-drain-electrode voltage adopted in design.

In an example, the gate electrode test voltage signal and
the source-drain-electrode test voltage signal employed in
the embodiment of the disclosed technology are the same as
or approximate to the real working voltage signals in a
TFT-LCD in operation.

step 102, according to the period and the signal ampli-
tudes in each period of the gate electrode test voltage signal
and those of the source-drain-electrode test voltage signal,
applying the gate electrode test voltage signal to the TFT to
be tested, and applying the source-drain-electrode test volt-
age signal across the source and drain electrodes of the TFT.

In this step, it should be noted that, according to the
working principle of a TFT device, the gate voltage is
applied to accumulate charge carriers to form a conductive
channel in the active layer under the gate electrode, and the
source-drain-electrode voltage across the electrodes gives
rise to a current passing through the conductive channel.
Therefore, the gate electrode test voltage signal and the
source-drain-electrode test voltage signal may meet a certain
time sequence relationship, so as to satisty the time sequence
relationship between the forming of the conductive channel
and the generating of the current for ensuring the TFT to
work stably and smoothly. One exemplary time sequence
can be found in FIG. 3. As shown in FIG. 3, before the
source-drain-electrode test voltage signal is applied across
the source and drain electrodes of the TFT, the gate electrode
test voltage signal first is applied to the gate electrode of the
TFT.

Step 103, obtaining the TFT output signals related to the
characteristics to be tested.

It should be noted, this step is conducted along with the
step 102 because there are output signals only if there are
input signals.

Next, after obtaining the output signals of the TFT, the
method for testing the characteristics of a TFT on the array
substrate according to the embodiment of the disclosed
technology further comprises generating a characteristic
curve of the characteristic under test according to the cor-
responding output signal, such that a user can perform
analysis and examination based on the characteristic curve.

In addition, the method for testing the characteristics of
the TFTs on the array substrate according to the embodiment
of the disclosed technology, prior to the step 102, may
further comprise: controlling the environmental temperature
of'the TFT and making it the same or similar to the working
temperature when the TFT is in actual operation, and illu-
minating the TFT with light having brightness the same or
similar to that of the light from a backlight when the array
substrate with the TFT is in actual operation.

In this way, the test environment for the TFT would be
more close to the environment in which the TFT is in actual
operation, which is helpful to further improve the accuracy
of test results and easier to catch the problem occurring
when the TFT is in actual operation. Also, when a failure
analysis is performed, this setting can reconstruct the con-
ditions where the failure occurs and is helpful to determine
the reason(s) of the failure.
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Below, a specific example of the method for testing the
characteristics of the TFT on the array substrate according to
the embodiment of the disclosed technology will be
described. In this example, the transfer characteristic of the
TFT is the characteristic to be tested, the array substrate on
which the TFT is provided has a resolution of 1024*768, the
gate electrode test voltage signal is referred to as VG, the
source electrode voltage is referred to as VS, the drain
electrode voltage is referred to as VD, and the source-drain-
electrode test voltage signal is referred to as VDS. This
example comprises the following steps.

Step 201, determining periods and signal amplitudes in
each period of VG and VDS of the TFT to be tested
according to a user’s instruction.

Step 202, applying VG to a gate electrode of the TFT to
be tested, applying VD to the drain electrode of the TFT to
be tested, and grounding the source electrode of the TFT to
be tested.

In this example, both VG and VD are alternative current
signals. The period of VG is Y6os and scans between -20V
and 20V with the wave as shown in FIG. 4; VS is grounded,
that is, kept at OV; VD has the wave as shown in FIG. 5 and
is a pulsed square wave with an amplitude of 15V and the
same period as that of VG; and VDS is equal to VD and also
is a pulsed square wave of 15V. Further, VG and VD meet
the time sequence relationship as shown in FIG. 3. As
illustrated in FIGS. 4 and 5, the period means the time for
applying a high level voltage and a low level voltage
successively. Therefore, the period of the gate electrode test
voltage signal and the period of the source-drain-electrode
test voltage signal are constant successive periods.

Step 203, obtaining an output signal-drain electrode cur-
rent (I ,) corresponding to the transfer characteristic of the
TFT under test and generating a transfer characteristic curve
of the TFT under test.

Another specific example of the method for testing the
characteristics of the TFTs on the array substrate according
to the embodiment of the disclosed technology will be
described, and in this example, the output characteristic of
the TFT is the characteristic to be tested, and the array
substrate on which the TFT is provided has a resolution of
1024*768. This example comprises the following steps.

Step 301, determining periods and signal amplitudes in
each period of VG and VDS in connection with the output
characteristic of the TFT to be tested according to a user’s
instruction.

Step 302, applying VG to a gate electrode of the TFT to
be tested, applying VD to the drain electrode of the TFT to
be tested, and grounding the source electrode of the TFT to
be tested.

In this example, both VG and VD are alternative current
signals. The period of VG is Yso0s and scans between 0V and
25V with the wave as shown in FIG. 4; VS is grounded, that
is, kept at OV; VD has the wave as shown in FIG. 4 and scans
from OV to 15V with the same period as that of VG; and
VDS is equal to VD. Further, VG and VD meet the time
sequence relationship as shown in FIG. 3.

Step 303, obtaining an output signal-drain electrode cur-
rent (Id) corresponding to the output characteristic of the
TFT under test and generating a transfer characteristic curve
of the TFT under test.

Also, another embodiment of the disclosed technology
provides a device for testing a TFT on an array substrate, as
shown in FIG. 6, and this device comprises a control unit 10,
a signal generating unit 11, and a measure unit 12.

The control unit 10 is adapted to determine periods and
signal amplitudes in each period of the gate electrode test

25

35

40

45

50

55

6

voltage signal and the source-drain-electrode test voltage
signal corresponding to the TFT characteristics to be tested,
and both the gate electrode test voltage signal and the
source-drain-electrode test voltage signal are alternative
current signals.

The signal generating unit 11 is adapted to apply the gate
electrode test voltage signal to the gate electrode of the TFT
to be tested, and applying the source-drain-electrode test
voltage signal across the source and drain electrodes of the
TFT according to the period and the signal amplitudes in
each period of the gate electrode test voltage signal and
those of the source-drain-electrode test voltage signal.

The measure unit 12 is adapted to obtain the TFT output
signals related to the characteristics to be tested.

The device for testing a TFT on an array substrate
according to the embodiment of the disclosed technology
employs alternative current signals in testing the TFT,
avoiding the time stress effect that occurs when a same
signal is applied to TFT for a long time period; furthermore,
alternative current signals are more approximate to the real
driving voltage signals. Thus, the test results can be more
accurate, more precise characteristics of the TFT in opera-
tion can be obtained, and it is helpful to reduce the time for
examining TFT-LCD design and quality.

The device according to the embodiment of the disclosed
technology can be adapted to test the TFT characteristics,
such as transfer characteristic, output characteristic, and the
like.

In one example, the control unit 10 may be used to
determine the periods and the signal amplitudes in each
period of the gate electrode test voltage signal and the
source-drain-electrode test voltage signal corresponding to
the TFT characteristics to be tested according to an instruc-
tion of a user; or in another example, the control unit 10 may
be used to determine the periods of the gate electrode test
voltage signal and the source-drain-electrode test voltage
signal corresponding to the TFT characteristics to be tested
according to the resolution of the array substrate where the
TFT to be tested are provided, and to determine the signal
amplitudes in each period of the gate electrode test voltage
signal and the source-drain-electrode test voltage signal
corresponding to the TFT characteristics to be tested accord-
ing to the design parameters in TFT design, including the
values of the gate electrode voltage and the source-drain-
electrode voltage.

In addition, the control unit 10 may be used to control the
time sequence relationship between the gate electrode test
voltage signal and the source-drain-electrode test voltage
signal when the signals are applied, and one exemplary time
sequence can be found in FIG. 3 for satisfying the time
sequence relationship between the forming of the conductive
channel and the generating of the current I,. In detail, the
control unit 10 controls the signal generating unit 11 to first
apply the gate electrode test voltage signal to the gate
electrode of the TFT before the source-drain-electrode test
voltage signal is applied across the source and drain elec-
trodes of the TFT.

As shown in FIG. 7, the device according to the embodi-
ment of the disclosed technology further comprises a tem-
perature control unit 13 and a backlight 14.

The temperature control unit 13 is adapted to control the
environmental temperature of the TFT to be tested and make
it the same or similar to the working temperature when the
TFT is in actual operation. The backlight 14 is adapted to
illuminate the TFT with light having brightness the same or
similar to that of the light from a backlight when the TFT is
in actual operation.
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In this way, the test environment for the TFT would be
more close to the environment in which the TFT is in actual
operation, which is helpful to further improve the accuracy
of test results and easier to catch the problem occurring
when the TFT is in actual operation. Also, when a failure
analysis is performed, this setting can reconstruct the con-
ditions where the failure occurs and is helpful to determine
the reason(s) of the failure.

Further as shown in FIG. 8, in an example, the device
according to the embodiment of the disclosed technology
further comprises a probe station 20, a signal generating unit
21, a central processor 22 (an example of the control unit),
and a semiconductor device measuring instrument 23 (an
example of the measure unit).

The probe station 20 with probes is adapted to connect
with the electrodes (terminals) of the TFT so that signals can
be input thereto and output therefrom.

The signal generating unit 21 comprises a gate electrode
signal generator 211 for applying the gate electrode test
voltage signal for testing and a source-drain-electrode signal
generator 212 for applying the source-drain-electrode test
voltage signal for testing. The probe of the probe station 20
in connection with the gate electrode of the TFT is con-
nected with the gate electrode signal generator 211, and the
probe of the probe station 20 in connection with the drain
electrode of the TFT is connected with the source-drain-
electrode signal generator 212.

The central processor 22 (control unit) is connected with
the signal generating unit 21 for determining the periods and
signal amplitudes and controlling the time sequence rela-
tionships between the signals.

The semiconductor device measuring instrument 23
(measure unit) is adapted to connect with the probe of the
probe station 20 in connection with the drain electrode of the
TFT under test and obtain the drain current (I;) when
measuring the transfer and output characteristics of the TFT.

Those skilled in the related technical field can understand
that the above described method(s) can be implemented
entirely or partially with hardware, software, or firmware
comprising program instructions and the program can be
stored in a computer readable media. The media comprise,
but not limited to, ROM, RAM, magnetic disk, optical disk
or the like for storing a computer executable program.

The embodiment of the disclosed technology being thus
described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the disclosed tech-
nology, and all such modifications as would be obvious to
those skilled in the art are intended to be included within the
scope of the following claims.

What is claimed is:

1. A method for testing a thin film transistor (TFT)
provided on an array substrate comprising:

determining a period of a gate electrode test voltage signal

and a period of a source-drain-electrode test voltage
signal corresponding to TFT characteristics to be tested
and signal amplitudes in each period, wherein both the
gate electrode test voltage signal and the source-drain-
electrode test voltage signal are alternating voltage
signals;

according to the period and the signal amplitude of the

gate clectrode test voltage signal and those of the
source-drain-electrode test voltage signal, applying the
gate electrode test voltage signal to a gate electrode of
the TFT, and applying the source-drain-electrode test
voltage signal across the source and drain electrodes of
the TFT; and
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obtaining TFT output signals related to the TFT charac-
teristics to be tested,

wherein the period of the gate electrode test voltage signal
and the period of the source-drain-electrode test voltage
signal are constant successive periods,

wherein the gate electrode test voltage signal has different
signal amplitudes in different periods.

2. The method according to claim 1, wherein determining

a period of a gate electrode test voltage signal and a period
of'a source-drain-electrode test voltage signal corresponding
to TFT characteristics to be tested and signal amplitudes in
each period comprises:

determining the periods of the gate electrode test voltage
signal and the source-drain-electrode test voltage signal
corresponding to the TFT characteristics to be tested
according to a resolution of the array substrate, and the
signal amplitudes in each period of the gate electrode
test voltage signal and the source-drain-electrode test
voltage signal corresponding to the TFT characteristics
to be tested according to design parameters in TFT
design.

3. The method according to claim 2, wherein the TFT
characteristics to be tested comprise transfer characteristic
or output characteristic.

4. The method according to claim 1, wherein the gate
electrode test voltage signal is applied to the gate electrode
of the TFT before the source-drain-electrode test voltage
signal is applied across the source and drain electrodes of the
TFT.

5. The method according to claim 4, wherein the TFT
characteristics to be tested comprise transfer characteristic
or output characteristic.

6. The method according to claim 1, wherein before
applying the gate electrode test voltage signal to the gate
electrode of the TFT, and applying the source-drain-elec-
trode test voltage signal across the source and drain elec-
trodes of the TFT, the method comprises:

controlling an environmental temperature of the TFT and
making it the same or similar to a working temperature
when the TFT is in actual operation, and

illuminating the TFT with light having brightness the
same or similar to that of the light from a backlight
when the TFT is in actual operation.

7. The method according to claim 6, wherein the TFT
characteristics to be tested comprise transfer characteristic
or output characteristic.

8. The method according to claim 1, wherein the TFT
characteristics to be tested comprise transfer characteristic
or output characteristic.

9. The method according to claim 1, wherein determining
a period of a gate electrode test voltage signal and a period
of'a source-drain-electrode test voltage signal corresponding
to TFT characteristics to be tested and signal amplitudes in
each period comprises:

determining the periods and the signal amplitudes of the
gate electrode test voltage signal and the source-drain-
electrode test voltage signal corresponding to the TFT
characteristics to be tested according to an instruction
of a user.

10. A device for testing a thin film transistor (TFT)

provided on an array substrate comprising:

a control unit adapted to determine a period of a gate
electrode test voltage signal and a period of a source-
drain-electrode test voltage signal corresponding to
TFT characteristics to be tested and signal amplitudes
in each period, wherein both the gate electrode test
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voltage signal and the source-drain-electrode test volt-
age signal are alternating voltage signals;

a signal generating unit adapted to apply the gate elec-
trode test voltage signal to a gate electrode of the TFT,
and applying the source-drain-electrode test voltage
signal across the source and drain electrodes of the TFT
according to the period and the signal amplitude of the
gate clectrode test voltage signal and those of the
source-drain-electrode test voltage signal; and

a measure unit adapted to obtain TFT output signals
related to the TFT characteristics to be tested,

wherein the period of the gate electrode test voltage signal
and the period of the source-drain-electrode test voltage
signal are constant successive periods,

wherein the gate electrode test voltage signal has different
signal amplitudes in different periods.

11. The device according to claim 10,

the control unit is adapted to determine the periods of the
gate electrode test voltage signal and the source-drain-
electrode test voltage signal corresponding to the TFT
characteristics to be tested according to a resolution of
the array substrate, and to determine the signal ampli-
tudes in each period of the gate electrode test voltage
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signal and the source-drain-electrode test voltage signal
corresponding to the TFT characteristics to be tested
according to the design parameters in TFT design.
12. The device according to claim 10, wherein the control
unit controls the signal generating unit to apply the gate
electrode test voltage signal to the gate electrode of the TFT
before the source-drain-electrode test voltage signal is
applied across the source and drain electrodes of the TFT.
13. The device according to claim 10, further comprising
a temperature control unit adapted to control an environ-
mental temperature of the TFT and make it the same or
similar to a working temperature when the TFT is in
actual operation; and
a backlight adapted to illuminate the TFT with light
having brightness the same or similar to that of the light
from a backlight when the TFT is in actual operation.
14. The device according to claim 10, wherein the control
unit is adapted to determine the period of the gate electrode
test voltage signal and the period of the source-drain-
electrode test voltage signal corresponding to TFT charac-
teristics to be tested and the signal amplitudes in each period
according to an instruction of a user.
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